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EYE-MOVEMENT PHOTOGRAPHY AS A DIAGNOSTIC 
METHOD IN THE DETERMINATION OF 
READING DISABILITY* 


Brant Clark, Ph.D. 
Psychology Laboratory, University of Southern California 
Los Angeles, Calif. 


Any adequate discussion of reading disability must of necessity in- 
clude a consideration of the fundamental complexity of the process, and 
any explanation or remedial method based on too great an emphasis on 
any aspect of the problem is sure to fail. In any case of reading disability 
the first factor which will be investigated by an educator is the indi- 
vidual’s mental capacity. Individuals below a certain mental level will 
invariably fail in reading if the usual group methods employed in the 
school systems are used. Even these individuals will learn to read simple 
material if the teaching is adapted to their need. However, such a pro- 
cedure is practically impossible in most school systems for obvious 
reasons. 

Other factors which have been emphasized by various students of this 
problem are: “‘congenital word-blindness,’’ lack of cerebral dominance, 
eye dominance, crossed eye and hand dominance, sex, visual defects, 
faulty eye movements, auditory defects, speech defects, kinaesthetic cues, 
general physical, physiological, and psychological maturation, emotional 
factors, as well as numerous external influences. Each of these hypotheses 
has been used in an attempt to solve the enigma of this fundamental edu- 
cational problem, and each investigator has claimed that there is prac- 
tical remedial merit in each hypothesis. A discussion of any one of these 
factors might well occupy more than the space of this paper, but in the 
light of certain recent developments in eye-movement photography a dis- 
cussion of eye-movement photography in relation to this problem ap- 
pears to be of importance at the present time. 


Methods Used to Study Eye-Movements 


In 1887 Louis Emile Javal, the noted Parisian ophthalmologist, 
first showed that during reading the eyes move in jerks (saccades). He 
determined this by observing the movements of the eyes directly in a 


*An abridgement of a paper presented before the California State Association of Opto- 
metrists at San Diego, Calif., February 21, 1936. 
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mirror. He also showed by using the after image method that the upper 
part of the line is the most important in reading. Ahrens‘ devised one of 
the earliest methods to actually record the movements of the eyes in read- 
ing. He set a form-fitting ivory cup on the cornea of a strongly cocainized 
eye. The ivory cup carried a very small mirror which served as a reflector. 
The mirror reflected a beam of light onto a screen where the movements 
could be observed. Of course the disadvantages involved in the use of 
this method were that only a few subjects could be used and only rel- 
atively slow ocular movements could be observed. 

Huey" used a plaster-of-Paris cup on an anaesthetized cornea. A 
hole was placed in the center of the cast as a pupillary aperture. He at- 
tached a metal ring to the cast and the ring was in turn attached to a 
lever recording on a kymograph drum. He estimated the pauses made 
during reading to last 0.25 seconds, but could not record the movements 
accurately enough to time them. 

Numerous other methods were tried and finally Dodge and Cline, 
about 1900, devised their corneal reflection method" which had a num- 
ber of advantages: 

1. Reading could take place under normal binocular vision. 

2. Both eyes could be registered simultaneously. 

3. The apparatus permitted a large number of subjects to be ex- 
amined with little inconvenience. 

Since that time literally millions of eye movements have been 
photographed and thousands of subjects have been examined. On the 
whole, the method was not at first observed critically because psychol- 
ogists and educators felt that here was a diagnostic method which was 
purely objective and which would solve our reading problems. But, 
strange as it may seem, we still have reading difficulties. Since that time 
other methods have been devised, and numerous modifications of the 
corneal method have been made. Judd ** and his co-workers at Yale Uni- 
versity used the moving picture method to record eye movements. A 
white spot was placed on the subject’s cornea and the displacement of 
the image of this spot on the film could be measured. This method has 
been used more recently by McGinnis‘’ to record the eye movements of 
infants. At the University of Southern California we have devised a 
laboratory instrument which records the vertical and horizontal move- 
ments of both eyes on a single record.* This apparatus has been used in 
several investigations, two or three of which will be described below. 
E. A. Taylor has devised an ingenious and relatively inexpensive instru- 
ment?* which makes possible, for the first time, the recording of the 
horizontal movements of both eyes of a large number of subjects with 
or without lenses. The instrument is easily operated and the time re- 
quired to obtain binocular records has been reduced to a minimum. The 
last two methods mentioned give the typical graphic records of the eye 
movements, a horizontal displacement on the film indicating the ocular 
movements. 
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Data Obtained From Eye-Movement Records 


Specifically, what can be determined from an eye-movement record ? 
The more important things are: the number of fixations per line, the 
number of regressions per line, the duration of these fixations and re- 
gressions, the reading time per line, words or types of material with 
which the individual is having difficulty, whether the individual has 
learned the fundamental procedure of reading from left to right, and 
finally faulty binocular functioning. From an optometric point of view 
the latter is by far the most important. Some of the things which eye- 
movement records do not tell us are: the comprehension of the material 
read (and eye-movement records of reading which do not have some 
check on this factor are worthless as far as they are concerned with meas- 
ures of reading), the specific causes of the reading difficulty, and the 
specific method of remedial work indicated. 


The value of eye-movement photography in the reading clinic has 
been seriously questioned recently. Eurich'* has been unable to find cor- 
relations between eye-movement measures and other standard reading 
tests, and Tinker®® even goes so far as to state that the eye-movement 
camera may be dispensed with in the reading clinic. There are numerous 
reasons for this statement. One of the more important of these is that 
there are many other methods which may be used to determine reading 
progress and the causes of reading disability. Most of these tests are of 
the pencil and paper variety and are more readily used with large groups 
of children. Eye-movement photography has the outstanding disad- 
vantage that subjects must be studied one at a time. Another thing which 
is very important is the great variety of factors that affect the reading 
records obtained, e.g., the instructions given the subject, the mental set of 
the subject, the complexity of the material, knowledge of the material; 
method of reading, a change from reading letters to word wholes, etc. 
In other words, the eye-movement patterns change 1apidly due to a num- 
ber of causitive factors. 


Eye-movement photography, however, does offer the practicing 
Optometrist a potential method by which valuable ocular data may be 
obtained. A considerable amount of data has been gathered by means 
of strictly iaboratory methods, and Taylor's contribution of a camera 
which may be used clinically presents a new objective diagnostic method. 
We have already gathered data in the Psychology Laboratory at the Uni- 
versity of Southern California, showing that eyes with binocular im- 
balances do not behave like normal eyes in reading and in the simple 
process of moving from one point to another*,’, *. For example, it was 
found that subjects having high exophoria actually over-converged more 
than a ‘‘normal group” in the process of reading as well as in simply 
shifting the eyes between two points in space. High exophores over-con- 
verged as much as 9A in moving the eyes from the end of one line to 
the beginning of the next. As more experimental and clinical data are 
obtained, eye-movement photography may add a new objective diagnos- 
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tic tool which may aid in solving ocular problems. Two problems which 
we are attacking in the laboratory at the present time are the effect of 
fatigue on the binocular behavior of the eyes, and the enigma of accom- 
modative-convergence. The latter problem is being done through a re- 
search grant from the American Academy of Optometry, and it might 
be added that it is surprising how little we really know about this prac- 
tical problem beyond certain norms, and even these norms may need 
some revision in terms of age level. 

It can be seen from this very brief summary of eye-movement 
photography that it gives definite information about the subject’s read- 
ing time, his general method of approach to the problem of reading (re- 
gressions), and also whether his eyes are working together as a team. On 
the other hand, there are certain other definite things which this method 
does not tell us. 


Remedia! Reading Methods Based on the Training of Eye-Movements 

It is common knowledge among educators that many good readers 
make relatively few fixations and regressions per line, that is, they pro- 
ceed from the beginning to the end of the line in a regular series of fix- 
ations which on an eye-movement record appear very much like a regular 
stairway along which the reader might be said to be advancing. This has 
led a number of investigators to come to the conclusion that a proper 
method for remedial procedure would be to attack the eye-movements 
themselves, i.e., improve the eye-movements and the reading will im- 
prove. To this end a number of pacing methods have been devised which 
have as their main objective the improvement of the eye-movements as 
would be indicated by eye-movement photography. 

With this objective in mind Robinson at the University of Iowa 
designed a method of training eye-movements.'* The purpose of his in- 
vestigation was: 

1. To present a technique to increase the reading span. 

2. To test its validity with college freshmen. 

3. To show how the technique might be applied to the teaching 
of reading. 

Exercise material was made up as follows: 

“Whether note taking is good or evil—”"’ 
The spacings were made so that the reader would take each section with 
only one fixation. The subjects consciously tried to increase their ‘‘eye- 
full’’ and reading speed. As the training progressed each “‘eye-full’’ was 
increased in size as follows: 

‘For the reader of your paper toknow what you have read—" 
As time went on, the perception span of the reader increased to the point 
where the student was approaching his maximum ‘“‘eye-full.”’ 

At the end of 10 weeks of training the rate of reading increased 
58%, and comprehension increased 5% according to four tests. The eye- 
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movement records showed that 62% of the increase was due to the larger 
width of fixation, and that there was a 67% reduction in the number of 
regressions. In other words, ‘‘It was found that training to improve eye- 
movement habits per se does increase reading efficiency."’ Robinson also 
believes that this is a proper technique to use in the elementary teaching 
of reading. Before commenting on this as a method of improving read- 
ing speed, two other techniques which have been used to increase reading 
efficiency by means of similar methods should be mentioned. 


Danner, at Stanford University, has devised a method of pacing 
based on the use of a metronome by which the subject regulates his fix- 
ations ”, '’. In this method, the emphasis is placed on increasing the speed 
of the eye-movements. The subject was instructed to make interfixation 
movements keeping time with the beating metronome which was first set 
at a very slow speed. At first, of course, the subjects were greatly con- 
fused to say the least, but with practice it was found that there was less 
confusion, and finally the subjects were able to time their movements 
quite accurately with the beats of the metronome. When this was 
learned, all that was necessary to increase the reading speed was to slowly 
increase the speed of the metronome. This method had one considerable 
advantage over Robinson's method in that the practice could be done on 
any material at hand and could be easily suited to the individual's par- 
ticular need so that the practice period could actually be used as a study 
period. Using this method with Stanford University students, Danner 
found considerable improvement in reading speed and slight improve- 
ment in comprehension. This has been shown not only by tests of read- 
ing speed but also by the reports of individuals, indicating that the im- 
provement was sufficient to be noticed subjectively. 

In conjunction with his eye-movement camera, Taylor*' has also 
devised apparatus designed to increase reading speed. This method uses 
a combination of the methods of Robinson and Danner. By means of 
a tripple shutter device the instrument rhythmically exposes each line of 
print in three successive exposures. From the point of view of increasing 
the reading speed, two variables are under contiol. The complexity of 
the material, and hence the amount that the eye must see in each “‘eye- 
ful,’’ may be varied by the proper selection of material presented (Rob- 
inson’s method), and the speed of presentation of any of the material 
can be varied by proper adjustment of the instrument (Danner’s meth- 
od). While the individual is reading with this instrument, he must, 
of necessity, read in a rhythmical manner. If he adopts any other method, 
he will not be successful in reading the material. Also, regressive move- 
ments are impossible because each section of the line is presented only 
once and in its proper order. The material to be read is placed on rolls 
like those of a player piano, and the material is so chosen that the child 
or adult will be interested and so motivated to read. By increasing the 
speed of the instrument and the complexity of the material read, and 
keeping the reader always just a little ahead of his “congenial reading 
pace,’ considerable claims are made as to its ability to increase speed 
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as well as comprehension although the latter is usually only slightly 
affected. 


But now what of a critical analysis of these procedures and the 
importance of eye-movements per se? In this regard a very important 
question should first be analyzed. Are faulty eye-movements causes or 
symptoms of poor reading? In this discussion let us first limit ourselves 
to faulty fixations and regressions and slow reading times. It should 
be emphasized that, in the methods described above, other factors than 
pacing are emphasized. The individual is impressed with the fact that 
he is to try to increase his recognition span, his reading time, and his 
comprehension, and all sorts of motivating factors are brought into 
play. It is also well known among educators that by using these factors 
without the ‘“‘pacing,”’ similar results can be obtained. In regard to 
motivation, Tinker?’ has this to say, “Motivation is probably more 
important than any specific teaching method used.” 


It is also a well known fact that numerous perceptual factors can 
change eye-movement patterns. The mental set alone has a definite 
influence on the eye movements the subject will make. If he merely 
wishes to skim through a passage, he will make a small number of 
fixations and regressions; his fixations will be short in duration and he 
will literally skim through the material. At the other extreme just the 
opposite is true. If the person is studying the material so that he will 
be able to pass a stiff examination on it, his method will be just the 
opposite. The fixations will be numerous and the reading time long. 
Eye-movement studies have shown that the eye. movements are also 
more frequent when the subject is reading orally and incidentally the 
more mature the reader, the more the eye will lead the voice.* 


The content of the material read also has a marked effect on the 
behavior of the eyes. Buswell, in 1920, showed that reading a foreign 
language requires more fixations per line.* Buswell studied students in 
French, German and Spanish and found the same thing to hold for all 
three languages. New students in French, for example, averaged 21.5 
fixations per line while skilled students averaged only 7 per line. A 
native of France would probably under the same conditions average only 
5-6 fixations per line. 


Tinker tested subjects while they read various types of formulas.'® 
He found that the eye movements in reading lines with formulas, either 
chemistry or algebra, are shorter than for prose. He found that the 
interfixation distance for lines of formulas was about half of that for 
prose, or to say it the other way, the eyes made about twice as many 
fixations for formulas. In other words, complex symbols require more 
fixations than do words. Tinker found, in general, the more complex 
the material the more fixations and regressions per line. 


In summarizing these results in relation to the question we asked 
a moment ago, “Are faulty eye movement causes or symptoms of poor 
reading?’’, we find that: 
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1. Characteristic changes take place in eye movements as a result 
of change in mental set, instructions given, and the attitude of the 


reader. 

2. The complexity of the material read affects the eye-move- 
ments. 

3. If comprehension is difficult the eye movements are changed 
accordingly. 


4. If there is a change in perception from word wholes to parts 
of words, or to phrases there is a corresponding change in the eye- 
movements. 

In general, eye movement patterns change rapidly as a result of 
a variety of causative factors. These results lead us to the conclusion 
that, barring the possibility of improper binocular functioning affecting 
reading, through fatigue, the behavior of the eyes is merely a symptom 
of perceptual conditions and should be considered fundamentally as 
such. 

Eye-movement photography, however, does present a diagnostic 
method which can give the Optometrist objective information regard- 
ing the way the eyes function in the normal process of seeing. This is 
undoubtedly a step in the right direction as far as visual tests are 
concerned, because most of the ocular tests that are made in a routine 
examination are partly if not wholely artificial. Before this becomes 
practical, however, much more experimental and clinical data must be 
obtained. It has also been suggested that Taylor’s instrument may be 
used in the field of orthoptics. Experiments at the University of Southern 
California have shown that this should be done only after a very careful 
analysis of what the eyes are doing in the routine business of perusing 
a simple paragraph of reading material. These experiments have shown 
that exophores, orthophores, and esophores all over-converge the eyes 
as they shift from the end of one line to the beginning of the next as 
well as during a certain percentage of the fixations within the lines. This 
means that a vast majority of eyes at least make abductive fusion move- 
ments at the beginning of each line read, and experiments have shown 
that if the eyes are made exophoric by the use of base-out prisms (as is 
done in base-out fusion training) that the eyes will actually over- 
compensate for this by over-converging which, in turn, requires that the 
eyes make larger abductive movements to fuse at the beginnings of the 
lines. Using this method, what actually is accomplished by the base-out 
prisms is abductive fusion training. These data indicate that a more 
careful analysis should be made of fusion training devises in terms of 
what the eyes are actually doing during the training period. This is 
equally true of other training devices. 


Summary 


Now by way of summary, the following information may be 
found by the use of eye-movement photography: 
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1. The data will tend to indicate whether a particular class of 
material is too complex for the child. 

2. The records will show whether the child has mastered the 
fundamental operation of reading from left to right in a line. 

3. Specific words and phrases troubling a child can be found. 

4. The speed of reading can be determined. 

5. Improved instruments will show improper binocular function- 


ing. 

It is true that all of these things with the exception of the last 
may be determined by other simpler methods, but eye-movement pho- 
tography serves as a valuable objective auxilliary at least. 


Finally, of what value is the training of eye-movements in improv- 
ing reading speed and comprehension? Experimental investigations show 
without doubt that pacing methods will increase reading speed tem- 
porarily at least. It should be remembered, however, that other factors 
are brought into play beside pacing in order to accomplish the desired 
results. We must agree with Tinker when he says, ‘Motivation is 
probably more important than the specific teaching method used.’ On 
the other hand another point should be kept in mind at all times. A 
child, or an adult for that matter, should not be motivated to attempt 
the accomplishment of things which are beyond his physical and mental 


capacities. 


DR. BRANT CLARK, 

PSYCHOLOGY DEPARTMENT 

UNIVERSITY OF SOUTHERN CALIFORNIA, 
LOS ANGELES, CALIFORNIA 
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FUNCTIONAL ASYMMETRY WITHIN THE VISUAL 
APPARATUS* 


Z. J. Schoen, M.A., D.O.S. 
Research Fellow, University of Virginia 
University, Va. 


Ocular dominance, or the fact that in the act of binocular fixation 
one eye is the leading or directing eye while its mate serves in a coordinat- 
ing capacity, was known comparatively early in the history of phy- 
siological optics, lon Baptista Porta referring to the phenomenon in the 
year 1593. However, it was not until the middle of the nineteenth cen- 
tury that the subject became of interest to students of binocular vision. 
In 1861 Humphrey’ declared that handedness is determined by eyedness, 
and as a result the study of ocular asymmetry became closely linked with 
that of handedness and the more general problem of laterality. Thus the 
significance of dominance in the actual process of binocular vision received 
scant attention. It is not surprising therefore, that even now the dif- 
ferential roles played by the two eyes in binocular activity are but little 
understood. 


One of the basic principles which must be considered in any discus- 
sion of ocular asymmetry is the fact that the dominant eye assumes leader- 
ship in the act of binocular fixation by directing its visual axis to the 
object of regard. This initial step in binocular activity is followed by an 
adjusting movement of the non-dominant eye in order to permit the 
stimulation of corresponding retinal points. Obviously such temporal re- 
lationships cannot hold for all conditions of visual stimulation; they 
may, however, be observed during relatively large changes in the angle of 
convergence, and under certain testing conditions. It is to be expected, 
therefore, that the coordinating or nondominant eye is able to adjust 
more efficiently than the habitually fixating eye. Results obtained by 
Schoen and Scofield® in a study of this problem support such a con- 
clusion. These experimenters found that the duration of an artificial 
diplopia is significantly greater when the experimental situation is such 
that the burden of coordination falls upon the preferred eye. Adjustment 
is apparently faster, then, if each eye is allowed to play its specific role 
in the process. 


*Submitted for publication March 10, 1936. 
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The educability of these readustment movements was further con- 
sidered by Schoen.* Although great gains in the efficiency of each eye 
occurred as a result of practice, the temporal difference between the reac- 
tions of the two eyes did not become significantly smaller. 


Most explanations of binocular vision are accompanied by diagrams 
which show a triangulation, with the base of an isoceles triangle con- 
necting the two eyes and the apex lying at the fixation point in the mid- 
line between them. In reality, as a result of positional habits of the head, 
the angle formed by the visual axis of the dominant eye with the line 
connecting the nodal points of the two eyes is approximately a right 
angle, while the corresponding angle at the other eye is smaller than 
ninety degrees by an amount equal to the convergence in force. This prin- 
ciple is easily observable when the object of regard is within thirteen 
inches, and is perhaps the cause for no small degree of confusion regard- 
ing the relative amount of work done by each eye in near vision. 


Although it is probable that the visual field of the master eye pos- 
sesses a higher ‘‘experience value,’’ yet there is no justification for the 
numerous statements to the effect that ‘‘most of the close work is done by 
the dominant eye.’ It follows from the triangulation principle discussed 
above that the burden of muscular effort during near fixation must neces- 
sarily fall upon the non-dominant eye. Notwithstanding this fact it is 
quite generally claimed that the preferred eye has a greater power of con- 
vergence than that possessed by its fellow. Perhaps some of these state- 
ments result from regarding the Mills convergence technic for the de- 
termination of ocular dominance as a comparative test for convergence, 
whereas this test probably measures the relative tenacity of fixation, 
which is conditioned to a greater extent by psychological than by phy- 
siological factors. Likewise the contention that the one eye may con- 
verge more under cover than the other constitutes no proof of its greater 
convergence power since such a condition, if existent, may be explained 
equally well by the greater effect produced when the line of regard of the 
habitually fixating eye suffers interference. Moreover, convergence must 
be considered as a binocular performance and hence comparisons with 
regard to the relative convergence abilities of the two eyes are basically 
illogical. 

The development of an objective test for eye dominance based upon 
the genetic primacy of parallel conjugate ocular movements over con- 
vergence readjustments has been attempted ky the writer. For example: 
an individual's eyes, in the primary position hold distant fixation. As 
his attention is called to an object of regard in the median plane at a 
convenient distance of about ten inches, a barely noticeable parallel move- 
ment of the two eyes precedes convergence. The eye turning toward the 
near object is obviously the fixing eye, while the other eye which makes 
a brief outward excursion in parallelism with its fellow is the non-pre- 
ferred eye. Thus it follows that when this momentary parallel movement 
is to the left it is the right eye which is dominant. Since a change of 
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the direction of regard of less than three degrees is very difficult to perceive 
this test demands a more refined technic than is usually available. How- 
ever, the phenomenon has been noticed under ordinary conditions of 
observation in a certain percentage of cases. 


Only motor aspects of ocular dominance have been discussed thus 
far. There is in addition, a type of sensory functional asymmetry within 
the visual apparatus which manifests itself in the conventional rivalry 
situation. It may be defined in terms of the difference in time that the 
visual field of each eye stays in consciousness. The stimulation of each 
retina by a different color, or by incongruous patterns, with systematic 
reversal of the stimuli for control purposes, serves as an excellent test for 
this form of asymmetry. 


Wallace*, by stimulating small non-coiresponding macular areas in 
the retinae has found evidence for another type of visual dominance. 
Although the two stimulating fields were not made to impinge upon cor- 
responding retinal points, one field exhibited a strong tendency to remain 
visible at the expense of the other, disappearing with less frequency and 
rema-ning invisible for shorter periods of time. Since either field when 
presented alone suffered no degree of disintegration, the dominance phe- 
nomenon described above cannot be explained in terms of the conven- 
tional rivalry situation, but must be thought of as an interactional pro- 
cess. This explanation is all the more probable. since these small macular 
areas have presumably a bicortical representation. 


It is contended by some writers that ocular dominance is an ascen- 
dency of one retina over the other. However, Schoen and Wallace,’ 
through the use of the method of intermittent light stimulation, have 
shown that visual dominance is definitely independent of retinal events 
and therefore cannot be explained in terms of differential activities of the 
two retinae. This phenomenon must be regarded rather as a complex, 
dynamic, inte,actional process taking place above the lower nervous 
levels. 

Physiological opticists have long argued that the dominant eye cor- 
rectly localizes objects in space, whereas the non-dominant eye errs in 
this respect. This is an apparent contradiction since these same investi- 
gators stress the fact that the impressions of the two foveae are projected 
to the same point in space. The usual tests for accuracy of localization 
consist in locating an image upon a screen through the use of a finger 
which is unseen by the obseiver as it is moved behind the screen. It must 
be realized that such tests measure the association between vision and 
kinesthesis, and therefore are indirect tests of visual reference. Moreover, 
it is a fact that quite often the two eyes are not equidistant from the 
median plane of the body and that as a result of this the two monocular 
fields in such cases are not of equal size, one being contracted nasally to 
a greater extent than the other. This discrepancy in magnitude of the two 
fields is a factor certain to affect positional judgment, and hence it is 
advisable to perform localization experiments in a dark room, using 
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images of weak intensity in order to eliminate this source of error. This 
was done by the writer* under conditions of photopic and scotopic stimu- 
lation. Errors in judgment of position were made when either eye was 
subjected to the test, and were greater for scotopic than for photopic 
vision. A trend indicating a superiority of the dominant over the non- 
dominant eye in localization was apparent. This diference, however, was 
not statistically reliable and hence cannot be considered significant. 
Actually it is not possible to claim a greater localizing ability for either 
eye, in normal monocular situations, without doing violence to the 
known facts of binocular vision. 


Perhaps the most important implications of the functional asym- 
metry within the visual apparatus are for binocular projection. It must 
be kept in mind that under conditions of bifoveal fixation of an object, 
any other object not falling upon the horopter is assigned a different spatial 
position by each eye. Ocular dominance, therefore, is apparently neces- 
sitated by the fact that an individual possesses two eyes, whereas a point 
in space can have only one true position. Projection of images in binoc- 
ular vision, therefore, must be a function of the dominant eye and the 
center of coordinates for such projection is necessarily coincident with the 
nodal point of this eye, despite the protestations of Hering and Helm- 
holtz. Such a view eliminates considerable mystery concerning the sig- 
nificance of functional asymmetry in vision and moreover, is in harmony 
with the teachings of Javal? and Tcherning.* 


Furthermore, Schoen’ has found that the law of projection out- 
ward through the nodal point is not valid for the non-dominant eye, 
and that under conditions of monocular stimulation this habitually non- 
preferred eye may or may not acquire a temporary dominance. A revision 
of this law of spatial reference to make it compatible with the facts of 
binocular activity, and a more detailed treatment of visual projection is 
given elsewhere.” 


Summary 


1. Certain facts concerning ocular dominance and its role in vision have 
been discussed. 

2. It has been pointed out, in opposition to existing views, that nor- 
mally both the dominant and non-dominant eye can faithfully local- 
ize objects in space. 

3. The hypothesis has been advanced that functional ocular asymmetry 
is a mecessary consequence of the fact that man possesses binocular 
vision, and that it must be regarded as a complex, dynamic interac- 
tional process occurring somewhere above the lower nervous levels. 
The phenomenon is most readily understood in terms of binocular 


projection. 
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OPTOMETRY AND ILLUMINATION* 


Ernest A. Hutchinson, Opt.D. 
Los Angeles, Calif. 


Sight is wholly dependent upon Light. No light—no sight. Better 
Light—Better Sight. Hence Optometry’s interest in ‘‘light,”’ or “‘illumi- 
nation,’ which is not quite the same thing. 

Light is a ‘‘raw material.’’ Illumination must be “‘a finished prod- 
uct.’ It is a mistake to suppose that all there is to illumination is ‘‘in- 
tensity’ or ‘foot candles.” 

Faulty illumination is one of the most potent causes of visual 
inefficiency and ocular discomfort. 

As Dr. Woll so aptly expresses it, ‘When your eyes are tired, you 
are tired all over.” 

Prescribing appropriate illumination is becoming an important part 
of the Optometrist’s service to his consultants. 

Advice from the Optometrist is more effective than that from the 
electrical industry since the latter cannot entirely be freed from suspicion 
of self-interest. 

Naturally since the greatest single fault of the ‘“‘average’’ illumina- 
tion is “‘insufficiency,’’ our first interest is to build up “‘foot candles’’ to 
a reasonable level. 

To refresh our memories we will review the simpler fundamental 
definitions used in illumination practice. 

When the candle gave way to more efficient sources of illumination 
it was natural that the latter should be compared to the former. Since 
a candle flame is quite symmetrical and gives off light mostly in a 
horizontal direction it was common practice to measure intensity of 
illuminating power in a single direction, thus we have the unit: “one 
horizontal candle power.’’ The common “‘bats-wing’’ gas jet being 
assymmetrical it became necessary to measure its intensity in a number 
of directions horizontally distributed, adding all the values together 
and dividing by the number of measurements taken we arrived at the 
“mean horizontal candle power.’’ The intensity might vary greatly 
in various directions but so long as they averaged one candle power 
that unit was acceptable. At a later time came light sources, notably 


*An abridgement of an illustrated talk presentéd before the California State Assosia- 
tion of Optometrists. Submitted for publication March 22, 1936. 
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electric lamps, which gave off light vertically and obliquely. By taking 
measurements in a large number of directions uniformly distributed 
around the source and obtaining the mean average as before we obtain 
the ‘‘mean spherical candle power.” In practice the source is usually 
placed in a large spherical container and the photometer reading taken 
at a translucent window. 


These units apply to the intensity of the light source. The unit 
designating the quantity or amount of light is the “‘lumen.’’ The lumen 
is the amount of light falling on a surface one square foot in area, every 
point of which is one foot from a point source of one candle power 
intensity, such a surface would be illuminated to an intensity of ‘‘one 
foot candle."’ The ‘‘foot candle’ is the commonly accepted unit of 

The total ‘‘lumen’’ output of any light source giving off light 
uniformly in all directions is 12.57 times the “‘mean spherical candle 
power’ of the source. Hence a 1 M. S. C. P. light source gives off 
12.57 lumens. From that point on the question is one of utilization. 
This involves a study of the distribution, diffusion, reflection, absorp- 
tion, etc., as affected by the type of luminaire employed, its placing, the 
character of walls, ceilings, the nature of the materials used in the “‘job’’ 
to be illuminated, etc., etc. 

Some Illumination Values: 
Under summer sun 10,000 foot candles *At window, bright day, 
250 foot candles 
Slightly hazy sky 2,500 foot candles *5’ from window, bright 
day, 60 foot candles 
Clear sky 1,500 foot candles *12’ from window, bright 
day, 10 foot candles 
Shade of a tree 1,000 foot candles Average room illumina- 
tion, 2 foot candles 
3’ from 100 watt lamp 10 foot candles Moon light, .02 foot 
candles 
*Dull day divide by 5. 
In view of these figures it is evident that much higher intensities of 
artificial illumination than those commonly employed will still fall very 
far short of those to which the eye is accustomed. 


Illumination must be properly related to the precise task to be 
performed and to the needs of the user. Local illumination may be used 
to supplement the general illumination, never as a substitute therefor. 
A ten to one ratio of local to general illumination is permissible if 
necessary. 


Some Reflection Factors: 
Flat white paint 80% Silver gray tint 75% 
White blotting paper 80% Buff tint 55% 
Newsprint paper 60% Light oak (wood) 34% 
Medium gray paint 50% Dark oak 13% 
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Contrast: An object to be visible must be in contrast with its 
background. 
B-O 


Percentage of contrast equals 100 ——— 


When B equals Background Brightness and O equals Object Brightness. 
Applying this to a Non-luminous Snellen Test Chart: 
B equals 80% 
O equals 5% 


B-O 80-5 
100 — — equals 100 -——— 
B 80 
7500 
equals equals 93.75% 
80 


A certain amount of contrast is necessary in order that we may 
distinguish detail, glare is one of the principle causes of difficulty in 
“seeing.” 

Glare may be described as Light tn the wrong place. Glare tends 
to injure the eye, disturb the nervous system, cause discomfort and 
fatigue, and reduce efficiency of the worker. Glare interferes with clear 
vision, and increases accident hazard. 


Principal causes of glare. Excessive brightness of source. Too much 
light in direction of the eye, wrongly placed luminaires, unshaded win- 
dow, etc. Too great contrast within the field of vision. Specular reflec- 
tion as from plate glass or polished desk or table top. Prolonged ex- 
posure to glaring surroundings, snow blindness is an example of this. 


Bad lighting hygiene. Insufficient illumination. Unshaded lights. 
Excessive contrast. Insufficient contrast. Specular reflection. Local 
illumination only. Brightly illuminated optometric test chart with black 
frame or too dark background. Colored lamps or shades. Under most 
conditions lighting with wall brackets and poorly placed or improperly 
constructed “‘bridge’’ and other portable lamps. 


Nature's plan versus man’s plan. The eyes were evolved for use 
largely at relatively simple tasks, at “‘fair’’ distances and under thous- 
ands of foot candles. The work world demands much near work, all 
tco frequently at totally inadequate levels of illumination, a few foot 
candles. The difference may be borne by the worker or relieved by 
better lighting and skilled optometric services when needed. 


Three times as much light is required to read a telephone directory 
as for reading with equal facility, the same letters or numbers printed 
with blacker ink on whiter paper. 

Reliable data from Tuscumbia, Alabama, prove that scholarship 


in grade schools may be notably improved by provision of adequate 
illumination and assurance of it’s use. 
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The presbyope with a naturally small pupil, further-contracts it 
when, without correction he attempts to do near work. In insufficient 
illumination he is doubly handicapped... The contracted pupil is bene- 
ficial provided there is sufficient illumination to compensate for the reduc- 
tion in the proportionate amount of light admitted into the eye. 


Adequate illumination assists in the maintenance of a small pupil. 


Test of fourteen presbyopes, average age 49 years, yielded the 
following startling results: 

Under 1 foot candle, Near Point 60.7 cm equivalent to an 
Amplitude of 1.75 Diopters. 

Under 5 foot candle, Near Point 41.5 cm equivalent to an 
Amplitude of 2.49 Diopters. 

Under 25 foot candle, Near Point 30.5 cm equivalent to an 
Amplitude of 3.50 Diopters. 

(Data from Ferree and Rand. ) 


We will show some slides to illustrate the effect of varying degrees 
of illumination on pupillary aperture; the improvement in Visual Acuity, 
the decreased amount of nervous muscular tension and the reduced effect 
of prolonged reading upon heart rate with increased levels of illumina- 
tion; the efficiency of the eye after three hours of work under daylight 
and the three types of luminaire: direct, semi-indirect and totally in- 
direct, the indirect giving much the closest approximation of daylight 
conditions. 


Scientific illumination offers the Optometrist a powerful ally in 
securing Visual Efficiency, materially supplementing the legitimate func- 
tions of Corrective Lenses and Orthoptic Training. 


Illumination Requisites. 

Illumination suited to the task and to the worker. Well diffused 
light for reading, writing and other two dimensional occupations. Three 
dimensional occupations and objects require ‘“‘directional’’ lighting in 
order that ‘“‘soft’’ shadows may assist in the judgment of depth. 


The following slides will illustrate the different types of luminaire: 
including the new Illuminating Engineering Society (I. E. S.) Study 
Lamp: the first serious attempt to provide scientific illumination: the 
new Plus Five Lamp, a unit designed to supplement general room illu- 
mination, also the improvements in illumination of offices, stores, etc., 
by substitution of modern methods. 

We will now show you actual examples of Light Prescribing Equip- 
ment, recent models of artistic I. E. S. Lamps and a new desk model 
known as the Faries Desk Lamp. 

The following intensities we suggest with the warning that con- 
ditions vary so widely that it is impossible to set universally acceptable 
standards. 
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Store Window 50 to 100 foot candles 
Sewing Room 15to 50 foot candles 
School Room 12 to 25 foot candles 
Entrance Hall 10 to 15 foot candle; 
Smoking Room 2to 5 foot candles 
Drafting Room 25 to 50 foot candles 


Library 20 to 30 foot candles 
General Office 10 to 25 foot candles 
Dining Room 5 to 10 foot candles 


Cost cf 1,000 Candle Power Hours. 

In 1889. .75c In 1901..62c In1904 In 1905. 3lc 
In 1906. .25c In 1907. .20c In1908 Ile In 1911. .10c 
In 1913. .06c In 1915 4%c 

Some Illumination Don’ ts. 

Don't rely on Your Eye as a guide to Adequate Illumination. 

Don't face the Light. Don’t place lamp too close to your work. 

Don’t use unshaded lamps. Don’t save light at the expense of the 
eyes. Don’t use dark wall paper, etc. Don’t use local illumination alone. 

The Optometrists’ first reliance in Errors of Refraction and Imbal- 
ances of the Ocular muscles and in Presbyopia will continue to be Lenses 
and Orthoptic Training. When these are needed, there are No Sub- 
stitutes. 

Luckiesh and Moss use the apt expression: ‘‘Seeing is a Partner- 
ship between Lighting and Vision.’’ The work world needs Seeing 
Specialists. 

The Optometrist must fill that need. He must become the Seeing 
Specialist thus Enlarging His Field and Improving his Service. 

When the Optometrist prescribes Adequate Illumination he per- 
forms a Humanitarian Service. He also Enhances the Value of the 
Glasses he Prescribes. 

The Optometrists’ motto might well be ‘Maximum Vision with 
a Minimum of Effort.’’ Adequate Illumination is a Most Important 


Factor in that Quest.’ 


DR. ERNEST A. HUTCHINSON 

3622 UNIVERSITY AVE. 

LOS ANGELES, CALIF. 
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1Then were shown Illustrations showing the proper method of placing Light 
Prescribing equipment to secure best results. 
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A PRELIMINARY REPORT ON THE VARIATIONS IN 
CILIARY MUSCLE TONUS WITH USE OF HOMATROPINE* 


Edwin Forbes Tait, Ph.D., and Frederick William Sinn, O.D. 
Philadelphia, Pa. 


Introdu-tion 

For many years there has been a never ending controversy among 
refractionists concerning the advisability of the use of cycloplegic drugs in 
ocular examinations for refractive errors. 


During the 20 years through which the senior author has observed 
and worked on refractive problems and subjected them to experimental 
attack in the physiological optics laboratory, he has become convinced 
that few of those engaged in the controversy had any scientifically sound 
basis for their opinions. 


The reasons usually advanced for either the use or the non-use of 
cycloplegics, were of a type unacceptable to the physiologist, and indeed, 
to an impartial observer, seemed to have more emotional than scientific 
content. 

The importance of the subject in the development of applied physio- 
logical optics made an experimental attack on the problem desirable. In 
view of the very uncertain mode of action of the ciliary muscle in bring- 
ing about accommodation and the impossibility, therefore, of devising 
direct experimental methods, the problem was approached entirely from 
the clinical viewpoint with the results, however, interpreted in the light 
of modern physiological concepts. 


A careful review of the liter2ture disclosed the lack of controlled 
experimentation in the field. Many statements and opinions on the sub- 
ject, beginning with that of Donders, are on record, but unfortunately 
none are acceptable as scientific data from the physiological viewpoint 
whatever their value from the clinical. 


Donders' observed that with the persistent use 0‘ atropine sulphate 
there was a very prompt dilation of the pupil and shortly thereafter a 
rather complete disappearance of the amplitude of accommodation, both 
of which phenomena are too familiar to require any consideration here. 


*An abridgment of the material pressnted before the American Academy of Op- 
tometry at Cleveland, Ohio, December 18, 1934. 


1. Accommodation and Refraction of te Eye, London, 1864, pp. 584-590. 
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Later, Landolt? adopted Donder’s viewpoint and methods without 
serious question and advocated the use of cycloplegics in certain types 
of refraction cases, apparently with the idea that the inhibition of the 
accommodative amplitude would be helpful in the refraction procedure. 


The use of cycloplegics, only tentatively suggested by Landolt as 
possibly desirable in certain cases, became quite general and led, quite 
naturally, to the apparently unjustified conclusion on the part of those 
who used only this method, that refraction work could not be done 
properly without drugs. 

The validity of this conclusion was unquestioned for many years 
and no further experimental attack on the problem was made until very 
recently, in spite of the fact that considerable difficulty was frequently 
encountered in the prescribing of proper lenses and the percentage of in- 
accuracies with subsequent changes was fairly high even when the work 
was done by presumably skilled men. 


Of this the clinical literature gives abundant evidence. An honest 
facing of these facts has led, in recent years, to considerable speculation 
and some investigative work directed toward a better understanding of 
the fundamentals of cycloplegic refraction. 


In 1932 Prangen® reported a clinical study of 63 cases, in which he 
observed that with the use of homatropine a complete inhibition of 
accommodative amplitude was not obtained. He concluded that the resi- 
dual accommodation after a cycloplegic has been administered should not 
be more than two or three diopters, for proper results to be obtained in 
refraction. 


He apparently assumed that the ciliary tonus was inhibited to an 
extent roughly proportional to the decrease in the accommodative ampli- 
tude and that sufficient of the drug should be used to reduce the ampli- 
tude to the above optimum value. 


Bothman*‘ in studying the comparative effects of homatropine and 
atropine cycloplegia found that 1% diopter was the average difference of 
results in hyperopic eyes although individual cases showed differences up 
to and even greater than two diopters while individuals with myopia or 
mixed astigmia may present still greater differences. He apparently takes 
the results obtained by atropinization as the criteria of accuracy although 
the report concerns itself only with the differences in the effect of the 
two drugs. Although the results are not wholly consistent it is notable 
that more ciliary inhibition was obtained with atropine than with homa- 
tropine. Apparently, in this study, no effort was made to control other 


2. The Refraction and Accommodation of the Eye, Edinburgh, 1886, pp. 560- 


571. 
3. What Constitutes Satisfactory Cycloplegia? American Journal of Ophthal- 


mology, Vol. 14, pp. 665-671. 
4. Homatropine and Atropine Cycloplegia, Archives of Ophthalmology, 1932, 


Vol. 7, March, pp. 389-98. 
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variables such as illumination, pupillary size, etc., and the precise method 
of judging differences is not discussed. 


Kurtz’, in a comparative study of 65 refraction cases with and 
without a cycloplegic, was unable to come to any definite conclusion as 
far as precise variations are concerned, but did apparently demonstrate 
the generally recognized fact that inaccurate and uncomfortable correc- 
tions are often a result of cycloplegic refraction. 


Discussion 

Landolt considered that the principal value of the cycloplegic was 
in its eTect upon ‘‘tonic’’ and ‘‘clonic’’ accommodative cramps or spasms. 
The modern refractionist who uses cycloplegics usually justifies his pro- 
cedure by stating that the drug ‘‘relaxes the accommodation” by inhibit- 
ing the contraction of the ciliary muscle and thus eliminating the power 
of accommodation. 


This viewpoint, however, is manifestly faulty unless the reduction 
of the amplitude of accommodative also reduces or eliminates the accom- 
modative eect of the normal tonus or postural muscular activity of the 
ciliary muscle. 

Clinical experience constantly demonstrates that the accommodative 
amplitude above the tonic or manifest level is never used during a re- 
fraction procedure if care is first taken to make the patient artificially 
myopic with suitable lenses. 


The normal ciliary muscle undoubtedly possesses, as do all other 
live muscles, a tonus which manifests itself in this particular instance as 
a small but constant amount of accommodation, the effect of which was 
termed latent hyperopia by many who have discussed its effects but 
failed to understand its physiological nature. 


It is undoubtedly this constant or tonic accommodation, which 
when increased either by excessive tonic innervation or by actual metab- 
olic changes in the muscle itself, gives rise to the greater levels of tonic 
accommodation usually considered as muscular cramps or spasms. 


When analyzed from this standpoint, therefore, “‘clonic’’ and 
“tonic’’ spasms or ‘‘cramps’’ resolve themselves into the end effect of 
variations in ciliary muscle tonus. Clinical experience with prolonged 
atropinization has shown rather definitely that in many cases the level of 
tonic accommodation is varied considerably as long as the drug is effec- 
tive but that when the influence of the drug wears away the tonus re- 
turns to approximately its former level. 


In the use of cycloplegics for refraction purposes, therefore, the im- 
portant factor is not the extent to which the accommodative amplitude is 
inhibited but the way and the extent to which the normal ciliary tonus 
or a ciliary hypertonus is affected. 


5. American Journal of Optometry, Vol. 11, No. 7, pp. 248-270. 
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While this is a perfectly sound viewpoint, justified by common 
experience in clinical application, as well as one physiologically accept- 
able, it has not been recognized or utilized by previous workers. 


No accuracy in the interpretation of results under cycloplegia can 
be obtained, therefore, unless there is a more precise knowledge of its 
effects upon the tonic or hypertonic accommodation. 


With these facts in mind the authors determined to investigate the 
action of homatropine with respect to the way in which it might affect 
any variation in the normal ciliary muscle tonus, and thus arrive in- 
directly at the manner in which hypertonic ciliary conditions may be 
affected by the employment of the drug. 


Apparatus 

In an investigation of this character it is necessary to eliminate, as- 
far as possible, variable factors other than the ones to be determined. 
Therefore the apparatus and procedure were carefully designed with that 
purpose in mind. 

For both series of tests, those with and those without cycloplegics, 
the same apparatus and material were used. The apparatus consisted of a 
DeZeng phorometer with an attached near point rod and a standard 
illuminated test chart placed at the usual 6 meter distance and the 
usual refracting room equipment, test case and luminous skiascope. For 
near fixation a 3 centimeter black letter on a 13 centimeter white card. 
was fixed 1/3 meter distance in the movable card holder on the near 
point rod. 

The illumination of the room and the distance and near test chart 
was kept at a constant level throughout the experiment. 


In order to limit the aberrations resulting from the variability of 
the pupillary aperture due to the mydriatic effect of the cycloplegic a 
series of pupillary discs ranging in 1/2 mm. steps from 2 to 6 mm., was 
employed. 

In order to eliminate any variations arising from the difficulty in 
administering exact amounts of the drug in solution form, gelatine 
ophthalmic discs containing 1/50 gr. each of 2% homatropine hydro- 
bromide and cocaine hydrochloride were used in all cases. 


Subjects 

The subjects selected for this experiment were college students, 
between the ages of 18 and 23, all of whom were previously corrected for 
any existing ametropia and had no marked accommodation or conver- 
gence anomalies or history of asthenopia. 


Procedure 

The apparent diameter of the subject’s pupils, was first approxi- 
mated in a low illumination. A pupillary disc of % mm. less than the 
diameter was placed in the phorometer before each eye, and so centered 
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Amt. in 
Type Diopters No. of Cases % of Cases 
Relaxation 1.75 1.3% 
Relaxation ; 0.65% 
Relaxation 2.0% 
Relaxation 5.3% 
Relaxation ; 19.0% 
36.0% 
Stimulation . 16.6% 
Stimulation ; 7.3% 
Stimulation 


Dr. E. F. Tait & Dr. F. W. Sinn. TABLE I. 


that each pupil was concentric with the disc when fixing on the test 
object. 


A static skiametric test was then made, with the observer at 20 
inches and the subject fixing at 20 feet after which the monocular visual 
acuity was noted with the static determination in the phorometer. 


Following this a careful subjective fogging test was made and the 
monocular visual acuity again recorded with the findings in place. 


The next step was to place two of the gelatine ophthalmic discs in 
the palpebral fissure of each eye, and subject then was instructed to close 
the lids and keep them closed for five minutes. 


After a period of one hour the subject with the same pupillary disc 
in place, was again subjected to the same static and subjective examina- 
tion procedures and comparative visual acuities recorded. 


The last step was to determine the monocular positive relative am- 
plitude of accommodation under cycloplegia. The subject with the cyclo- 
plegic subjective correction in place was made artificially myopic for 
20 minutes by the addition of a +2 D. sphere. The near point card was 
moved in slowly until subject reported a slightly perceptible blur of 
the fixation letters. The amplitude was calculated by taking the dioptric 
difference between 20°’ and the near point observation and the value 
could be considered as reasonably accurate within the spread of the 
clinical error. 


Results 

Table I and Graph I show the effects of the homatropine as found 
by comparing the cycloplegic refraction with the non-cycloplegic re- 
fraction results, the difference between them being the effect of the 
cycloplegic on the ciliary muscle tonus. This comparison was made in the 
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0.75 


— STIXULATION 


re) 4 
2.00 1.75 1.50 1.25 1.00 0.75 0.50 0.25 0.00 0.25 0.50 


150 eyes of the 75 subjects used. It will be noted that the effect ranged 
from a relaxation of 1.75 D. to a stimulation of 0.75 D. 


Assuming a possible clinical error of .25 D. we find that the homa- 
tropine had no effect on the ciliary tonic level in 70% of the subjects. 
In 21% there was a ciliary relaxation, to be considered as a tonic relaxa- 
tion. Other atypical cases, amounting to 9% of the whole, showed an 


increase of tonus instead of a lessening. 


Graph II and Table III show the residual amplitude of accommo- 
dation relative to the conditions of the test under cycloplegia. The 
amounts found in the whole group ranged from 0.25 D. to 8.00 D. with 


79% of the cases, showing from | D. to 3 D. 


Type No. of Cases % of Cases” 


Relaxation of Both. 

Stimulation of Both 

No Effect of Both 

One Stimulation—One Relaxation 
One Stimulation—One No Effect 
One Relaxation—One No Effect 


33.3% 
14.6% 
22.7% 
2.8% 
17.3% 
9.3% 


Dr. E. F. Tait & Dr. F. W. Sinn. TABLE II. 
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10 15 20 25 30 


5 


NUMBER OF INDIVIDUAL EYES 


0 


RELATIVE ACCOMMODATION IN DIOPTERS 


.in Diopters No. of Cases Percentage of Cases 


0.25 0.65% 
0.50 2.6 % 
0.75 3.33% 
1.00 10.6 % 
1.25 16. 

1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 
3.25 
3.50 
3.75 
4.50 
4.75 
8.00 


Dr. E. F. Tait & Dr. F. W. Sinn. TABLE III. 
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The method used in the investigation would record only the varia- 
tions in ciliary tonus regardless of the accuracy of the subject’s refractive 
correction so that the results are not invalidated or affected by possible 
residual refractive errors. 


It is evident from a careful study of the data that the physiological 
effect of the use of homatropine, at least in the quantities used, cannot 
be predicted with any certainty. 


The effect upon any given subject may be either relaxation or 
stimulation of the basic tonus of the ciliary muscle or no reaction at all. 
In the interpretation and utilization of data obtained under this type of 
cycloplegia these possibilities must be considered and the range of possible 
clinical error fully recognized. 


Conclusions 

1. At the present time there is a widespread lack of understanding 
among all groups of refractionists of the physiological basis of ciliary 
muscle tonus variations. e’a 


2. The important factor in refraction procedure as far as accom- 
modation is concerned is the variability of tonic, or postural activity of 
the ciliary muscle. The amplitude of accommodation has no necessary 
relationship to level of ciliary tonus. 


3. With homatropine, used in the way and in the amounts indi- 
cated above, there is no definitely predictable ciliary response as far as 
can be determined with the limited number of subjects used. 


4. As there is no constant or predictable effect on normal ciliary 
tonus it is probable that there is similarly no predictable effect in ciliary 
hypertonus. 


5. Data obtained with homatropine cycloplegia is usable in refrac- 
tion analyses only if the limits of possible clinical error are recognized. 
The limits of usual variability, as determined by the limited number of 
subjects used in this experiment, are from 1.50 D. of relaxation to 0.75 
D. of stimulation. 


DR. EDWIN FORBES TAIT 
AND 

DR. F. W. SINN 

PENNSYLVANIA STATE COLLEGE OF OPTOMETRY 
12TH & SPENCER STREETS 

PHILADELPHIA, PA. 


DISCUSSION 


Dr. KURTz: The work carried out by Dr. Tait and Dr. Sinn is, I 
believe, a very valuable piece of work and well done. For years we have 
had this problem of the use of a cycloplegic to contend with and there 
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have been just as many arguments on one side as the other. 


A year or two ago I studied several cases and found that in the 
majority of these more accurate or less conflicting results could be gotten 
without a cycloplegic. Probably the results of my studies were somewhat 
colored, because of my interest in the problem. 


The work that these gentlemen presented this morning adds an- 
other valuable fink to the chain that we are forging to determine whether 
or not refraction should or should not be done with a cycloplegic, and | 
consider their contribution quite important. 


I should like to ask Dr. Sinn a question. Did you give your subjects 
any special preliminary training or any kind of instruction before you 
started your examinations? . 


Dr. SINN: You understand the subjects are all students at the 
college, and, of course, to explain to them how to take a subjective ex- 
amination might be resented. Of course, they understood what was 
wanted and, in our opinion, any introspective training was unnecessary. 


Dr. KURTZ: This saves me asking another question, because it 
would seem to me that in work of this kind it would be best to have 
the subject not know at all what the experiment is meant for. 


Dr. SINN: It is important in connection with interpreting the 
results of this report to realize that some of the slight ehanges noted are 
of no significance other than that of indicating that we are dealing with 
biological mechanisms. 


Observation in our own research work has shown that slight bio- 
physical changes, such as those noted in the report, occur from day to 
day in normal organisms. The variation, however, would be within 
certain limits and the determination of those limits wlll probably show 
that the usual reason given for the use of cycloplegics will not be scien- 
tifically acceptable. 
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THE DIAGNOSIS OF IRITIS 


Iritis is one of the inflammatory diseases of the eye, which, while 
not common, must be constantly watched for by optometrists, during 
the course of their examinations. The condition when present is serious 
and merits the most careful curative care on the part of the ophthalmologist 
to whom the case should be referred. The causes of iritis are many, among 
which focal infections, syphilis, tuberculosis, gonorrhoea, and rheuma- 
tism are the most common causes. However, it is not within the optome- 
trists province to determine the cause of the condition but rather to 
only make the diagnosis itself, and then call in consultation an ophthal- 
mologist whose duty it is to decide just what source of infection has 
caused this attack on the structures of the iris. 


As I have just said, the inflammation of the iris, is as a rule, 
caused by certain specific blood involvements, especially syphilis, or it 
may be due to a series of inflammatory relapses of certain tissues of the 
iris under adverse climatic conditions for that particular patient, or it 
may occur in the course of wounds and ulcers and other injuries of the 
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cornea and it is also associated with sclerotitis, diffuse keratitis and 
sympathetic ophthalmitis. 

In an acute iritis, whatever the particular cause may be, the exam- 
ining optometrist can and must make his diagnosis by observing the 
iris itself. Here will be found, when this condition is present, changes 
in the color of the iris itself brought about by an apparent indistinct- 
ness or muddiness of its texture. Here also at times will be found the 
symptomatic adhesions between the posterior surface of the iris and the 
anterior surface of the crystalline lens. There is, in addition, in these 
cases of iritis, when viewing the iris by means of focal illumination, a 
general dullness of the whole iris and in many cases one will find a 
cloudiness of the aqueous which will of course contribute to the picture 
of general indistinctness so apt to be found in these cases. The eyeball, 
too, will be found to be congested and the patient will probably com- 
plain of some pain, photophobia and lachrymation. 


The diagnosis of iritis is naturally made during the course of the 
external ocular inspection which precedes every routine refraction. As I 
have written on this subject of examining the anterior portion of the 
eye on several occasions,'’* I will not repeat the details of this phase of 
ocular examination work at this time, but will pass on by merely saying 
that every optometrist should be equipped with a binocular loupe, a 
head mirror, a strong constant light source, and if possible, a hand slit- 
lamp for making this diagnostically important portion of his refraction. 


The congestion frequently observed in cases of iritis is often con- 
fined to a zone or band about three millimeters wide, which surrounds 
the cornea. This zone is then an unnatural pink in color. The vessels 
seen in this zone are small, radiating and nearly straight and lie beneath 
the conjunctiva which will also be congested. These small radiating 
vessels are the episcleral branches of the anterior ciliary arteries. This, 
then, is the general appearance of a case in which iritis is present, how- 
ever, the diagnosis cannot be made from this alone as a number of 
other ocular involvements present a more or less similar looking eye, 
thus making it necessary for the optometrist to study the case further 
before making his diagnosis. As I have said before* the additional symp- 
toms making up the general syndrome of those associated with iritis are 
as follows, (1) exudates or small dark spots along the margin of the 
iris, (2) normal depth of the anterior chamber, (3) contracted pupil, 
(4) irregular pupil, and (5) an apparent swelling of the iris itself. 
These are the symptoms which must now be looked for before a 
diagnosis may be made. 


The swelling of the iris and its subsequent altered color is due to 


'Carel C. Koch, External Ocular Inspection. Amer. Jour. of Optom., Vol. 3, No. 
8, pages 252-255, 1926. 

2Carel C. Koch, A Review of the Steps to be Taken in Making An External 
Ocular Inspection. Amer. Jour. of Optom., Vol. 6, No. 9, pages 524-527, 1929. 

3Carel C. Koch Differential Diagnosis for Iritis and Glaucoma. Amer. Jour. of 
Optom, Vol. 7, No. 8, pages 463-464, 1930. 
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the congestion of its blood vessels and also to the infiltration of lymph 
and serum into its structures. This lymph is, early in the course of the 
disease, thrown out at various points on the posterior side of the iris 
where it hardens and adheres the anterior lens-capsule, thus impairing 
the movements of both the iris and the lens. At times also, pus will 
be discharged into the aqueous which settles on the iris, forming exudates 
which can readily be seen. In viewing the anterior chamber of the eye 
by means of focal illumination, in cases of iritis the anterior chamber 
will always appear to be normal in depth and never shallow as is found 
in certain cases of glaucoma. 


In making a diagnosis it is well for optometrists to remember, that 
the condition of the pupil alone is diagnostic in all except very mild 
or incipient cases of iritis. When iritis is present the pupil is sluggish 
or motionless and as a rule is not quite round due to the adhesions which 
accompany the disease. In these cases the pupil is as a rule also rather 
smaller than its fellow, assuming the iritis to be monocular. The reason 
for this is that the total area surface of the iris is increased by the’ 
distended vessels of the iris and therefore the size of the pupil is en- 
croached upon. 


I have mentioned pain, photophobia and lachrymation, also as 
being symptomatic in cases of iritis. The pain referred to is an intra- 
ocular pain, located in the parts of the eye supplied by the first and 
sometimes by the second division of the fifth nerve. This is common 
in cases of iritis, especially in the early stages of the disease. It is, how- 
ever, a very variable symptom, and gives little or no clue as to the 
severity of the condition, being at times quite insignificant in very 
severe cases. The pain is also seldom constant, but comes and goes at 
intervals, often being worse at night, and described by the patient as 
a shooting, throbbing or aching pain and is at times also referred to as 
a headache as well as an intra-ocular pain. The photophobia and lachrym- 
ation as generally proportionate to the amount of pain complained of. 


As optometrists, it is well for us all to keep in mind the fact that in. 
Viewing an eye that is quite congested, that it is very easy in these cases, to 
mistake a severe case of iritis, for one of conjunctivitis. Unless the exter- 
nal ocular inspection is made very carefully, keeping the symptoms which 
comprise the syndrome for iritis ever in mind, the general ‘‘redness’’ of 
the conjunctiva will be very misleading. The appearance of the iris it- 
self, almost normal or exhibiting the previously mentioned symptoms of 
iritis will chiefly aid in making the diagnosis. It is well to also con- 
sider that the pain complained of in iritis is of the neuralgic character, 
but in conjunctivitis, if the patient complains of pain, it is more likely 
to be similar to that caused by a foreign body lodged on the anterior 
surface of the cornea. It is well also to remember that in cases of iritis 
there is little or no discharge while in cases of conjunctivitis there is 


4Carel C. Koch, Diagnosis of Glaucoma. Amer. Jour. of Optom., Vol. 13, No. 
3, pages 102-112, 1936. 
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much discharge. But, as I have already said, the appearance of the iris 
itself is the most valuable guide in making a diagnosis of iritis. In 
making your external ocular inspection, be sure to look at the iris. If 
the other eye is unaffected, be sure to compare the iris in the unaffected 
eye with that in the diseased eye. These are the most important diagnos- 
tic rules in cases of iritis. Of course, we, as optometrists, are only 
called upon to make the diagnosis and then to refer the patient to some 
ophthalmologist who will work with us in consultation on these cases. 
I have previously outlined some of the qualifications this ophthalmologist 
should have’, but above all he must be thorough, painstaking and sym- 
pathetic in doing the work referred to him. 

And while this last is not exactly an optometric consideration of 
the disease, patients to whom the diagnosis has been made will frequently 
ask its possible duration. All that can be said is that iritis varies from a 
few days in duration, when mild, to many weeks when very severe. Its 
effect on sight is proportionate to the haziness of the cornea and aqueous 
and in some cases by changes in the vitreous. In the hands of a com- 
petent ophthalmologist relief can usually be afforded the patient, but the 
matter is serious and it is the duty of the refracting optometrist to see 
to it that nothing interferes with the patient's visiting, at once, the con- 


sulting ophthalmologist to whom the case has been referred. 
Carel C. Koch. 


SPECIAL REPORT 


THE FOUNDING OF CHRISTIAN SCIENCE* 


L. C. Church, LIB. 
Minneapolis, Minn. 


Please give me the opportunity to correct in your columns certain 
erroneous statements about Christian Science and Mrs. Mary Baker 
Eddy, which appeared in one of your issues not long ago under the 
title ‘Abnormal Psychology and its Clinical Application.’’' It is not 
the fact that Christian Science was originally advanced by P. P. Quimby. 
That which he practiced, it appears, was quite the reverse, namely mes- 
merism or hypnotism, or something akin thereto,—employed by him, 
however, with the desire and for the purpose of aiding the sick and 
afflicted, for it is evident that he was a man of great sympathy and 


®Carel C. Koch, A Approved List of Ophthalmologists. Amer. Jour. of Optom., 
Vol. 8, No. 4, pages 139-141, 1931. 


*Received March 9, 1936. 
‘J. I. Kurtz. Abnormal Psychology and Its Clinical Application. American Journal of 


Optometry. Vol. 12, No. 11, pp. 427-449. 1935. 
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humaneness. Mrs. Eddy was the Discoverer and Founder of Christian 
Science. Long ago during her lifetime, claims were made that some of 
her writings were the work of Quimby, and the matter was disposed of 
in court against such claims and in favor of Mrs. Eddy. Quimby’s son 
George, jealous of his father’s reputation and adverse to Christian 
Science, once wrote of Mrs. Eddy, ““The religion which she teaches 
certainly is hers... . ’’ and he admitted that his father was in no way 
connected with Christian Science, (Note 74 on page 294 of the biog- 
raphy of Mrs. Eddy by Rev. Lyman P. Powell). 

Mrs. Eddy was never Quimby’s secretary, although during the 
time when she was taking treatments from him in the endeavor to be 
cured she gave him some assistance in the preparation or arrangement 
of his notes and manuscripts. She received temporary relief from the 
treatments, but was not cured by them. 

Because Christian Science is mentioned by you under the above 
stated title, perhaps it should be pointed out to your readers that Chris- 
tian Science and psychology are two fundamentally different things. Psy- 
chology is the science of the human mind. Christian Science acknowledges 
as real only the infinite divine Mind, and its manifestations. 


MR. L. C. CHURCH 
CHRISTIAN SCIENCE COMMITTEE OF PUBLICATION 


FOR THE STATE OF MINNESOTA 
552 PLYMOUTH BLDG. 
MINNEAPOLIS, MINN. 
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OPHTHALMIC LENSES. H. H. Emsley and Wm. Swaine. Published 
by Hatton Press, 72 Fleet Street, London, England. E. C. 4, third 
edition, cloth cover, 342 pages, 128 illustrations, 1935. 15 S. 


The writings of Emsley and Swaine on Ophthalmic Optics enjoy 
considerable popularity in England, as is evidenced from the fact that 
their book Ophthalmic Optics which came off the press recently is in its 
third edition. With a few changes this edition is similar to the second. It 
is primarily written as a text book and the first half comprising eleven 
chapters deals with the more elementary principles and characteristics of 
different types of Ophthalmic lenses. Each chapter is accompanied by a 
number of exercises, thus making the book of greater value to students, 
especially to those who wish to take the British examinations. 

The second part of the book is made up of six chapters again deal- 
ing with different types of lenses, but of more advanced order. A brief 
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but clear description is given the telescopic spectacle lens, their construc- 
tion, characteristics and fitting. A like description is given the contact 
lenses. 

Valuable miscellaneous information is given in the appendix. In 
general, the book Ophthalmic Lenses contains a wealth of material of 
value to students and all those interested in knowing the principles under- 
lying the different types of lenses.—J. I. K. 


* * 


LECTURES DELIVERED AT THE THIRTY-EIGHTH AN- 
NUAL CONGRESS OF THE AMERICAN OPTOMETRIC 
ASSOCIATION. E. Kieknapp, Editor. Published by the Journal 
of the American Optometric Association. Faribault, Minnesota. 
121 pages. Illustrated. Cloth. $3.50. 1936. 


Eight papers have been included in this report of the Miami. 
Florida, meeting of the A.O.A. The first is by the California student of 
color field analysis, Brombach, and deals with this topic. This is by 
far the longest paper published, taking as it does, about one-half of 
the entire book. Brombach, in this monograph, goes into considerable 
detail as to the need for the inclusion of color field analysis work in 
routine optometric examinations and he presents much clinical evidence 


to support his views. This paper is very well written and should serve as 
a useful forerunner of the new book to be published by the Distinguished 
Service Foundation of Optometry on this same subject by the same 


author. 

The next two papers are both by George Crow, also of California. 
The first deals with accommodative effort, and in this paper the author 
uses the clinical results of certain blur-point tests to arrive at his con- 
clusions. The reviewer doubts the accuracy of these tests. Crow’s second 
paper deals with the causes and correction of high near-point exophoria 
in presbyopic patients. These cases he groups into three classes; first, 
those who seem to evidence an exophoria of large degree, in making a 
near-point phoria test with the fixation object on a level with the eyes 
but who show a much reduced exophoria when the test is made with 
the fixation object held at the normal reading point; second, those cases 
in which a suspenopsia is present; and third, those cases in which neither 
of the above conditions are found to be present, which Crow regards as 
“‘grief’’ cases, and which he suggests treating by various orthoptic 
measures. 

The next paper in the book is a very short review of the steps 
suggested by the Graduate Clinic Foundation in making a routine 
refraction. This material was submitted by A. M. Skeffington. Follow- 
ing this, is a short paper dealing with a phase of the physiology of 
vision by Thomas G. Atkinson of the Northern Illinois College of 
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Optometry. Both of these papers are abridgements of the actual mate- 
rial presented before the delegates at the Congress. 

Following Dr. Atkinson’s paper are two papers dealing with the 
hygienic subject of prescribing or suggesting to patients, proper advice 
on the subject of illumination. These papers are written by M. J. 
Julian and O. P. Cleaver. Both cover this subject very well and con- 
tain facts of value to optometrists in this important field of our work. 


In the final paper of the book Haberfeld suggests using, in all young 
myopes, a treatment correction which he terms a teleopto spectacle, which 
is an especially made glass that will enable him or her to read with- 
out the aid of either accommodation or convergence. This is accom- 
plished by correcting the patient for near vision and adding sufficient 
prism to, in a large measure, obviate the need for convergence. In addi- 
tion to using this type of correction for near work the patient is given 
base-in orthoptic treatments. Haberfeld has used this technique in his 
younger myopic patients with some success, not as a correction for the 
myopia itself but rather as a prophylactic measure. His suggestions are 
of interest and his work in this field should be encouraged. 

Kiekenapp as editor of this work has arranged the material in a 
very nice, readable manner and the book does credit to the A.O.A. It 
has indeed a place in our literature, and should become an annual phase 
of that organization's work. 

—C. C. K. 


SHORT WAVE THERAPY AND GENERAL ELECTRO- 
THERAPY. Dr. E. F. Wolf. Modern Medical Press, 225 Varick 
Street, New York, N. Y. 104 pages, 80 illustrations, cloth cover, 
1935. Price $2.50. 


In this book Wolf did not intend to write a treatise on Short Wave 
and General Electro-Therapy, he merely tried to write a condensed man- 
ual, describing briefly the application of the diathermy and short wave 
technics to the different parts of the body. He succeeded in doing this 
well. He only devotes six pages to the discussion of short wave therapy 
and contrasting its effects with those of diathermy, this is to be regretted, 
because of the fact that the short wave therapy is new and so many 
favorable claims are made for this technic it certainly would be of advan- 

‘tage if more description and discussion were given to this technic. Reports 
have reached the reviewer that the short wave technic is very effective in 
the arrest and treatment of progressive myopia. Wolf, of course, men- 
tions very little about the ocular application of these technics, excepting 
the illustrations of the monocular and binocular application of diathermy 
which he recommends in trifacial neuralgia, retrobolbor neuritis and, in 
general, pathological conditions of the eyes. He also recommends the 
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application of the short wave technic in optic atrophy and glaucoma. 
This book by Wolf is a worthwhile contribution to the technic of 
electro-therapy and is of special interest to the general clinician and 


technician.—J. I. K. 


ABSTRACTS 


INSTRUCTION ON FIELD CHARTING. H. L. Fuog. The Mid- 
West Optometric Journal. Vol. 3, No. 4, pp. 10-11. 1936. 


In giving instructions to optometrists in form and color field chart- 
ing, Fuog stresses the point, that in making a perimetric examination of 
the color field, using the non-visible to visible technique, the examiner 
should never repeat a portion of the test if the patient was in doubt as 
to just when a certain color became recognizable. His reason for this, is, 
that the exact point at which a color is seen, is not in itself, as significant 
as the general comparative size and relationships of all the fields as 
studied, each, in relation to the other. The reason for this is, he claims, 
that the area of doubt, in color field charting, exists equally for all color 
values, and therefore there will be the same general disposition on the 
part of a patient to be uncertain about one color as about the next. So in 


spite of this fact, the same general relationships, in the size and shape of 
the color fields, are maintained. &. 


BLUR POINTS. Edwin Forbes Tait. The Pennsylvania Optometrist. 
pp. 6-8, February, 1936. 


Tait, in the clinics of the Pennsylvania State College of Optometry, 
has made a careful clinical study of the possible diagnostic value in 
refractive work of the data acquired when making blur point tests or 
what have been sometimes called blur-out points. Tait finds this data 
to be of little or no real value and presents the following facts as a 
result of his investigation. (1) Abduction tests with distance fixation 
rarely result in a blurring of the test object before diplopia ensues, except 
when the blur immediately precedes the perception of the second object. 
(2) In the adduction test for distance, the blurring of small (5 minute) 
test objects is frequently encountered long before diplopia is produced 
and this blurring can usually be removed by the addition of minus 
lenses. (3) Adduction tests at the near point, especially with proportion- 
ately reduced Snellen characters (subtending a 5 minute angle) will in 
the majority of cases give a blur with much smaller prism power than 


* * * * 
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is eventually required to create diplopia. Experiment has shown that 
in this case also the blur can usually be relieved by the use of minus 
lenses. (4) In the abduction tests at near the same blur is encountered 
in the majority of cases, but as a rule proportionately more prism value 
base-in may be placed in front of the eyes before obtaining the blur than 
is the case with the adduction test for near. It has been repeatedly observed, 
however, that plus lenses will serve to delay the appearance of the blur. 
(5) A certain percentage of patients, however, distributed, both young 
and old, exhibit no appreciation of the blur of the test object until just 
at the point of diplopia. Practically, these cases must be regarded as having 
no specific point of blur, as the lack of clarity of the image just before 
diplopia is produced is probably due to the slight oscillatory ocular 
movements which always just precede the actual turning of the visual 
axes. 

There can be no question, claims Tait, as to the accuracy of these 
observations as they have been confirmed by the study of several 
thousand case records. An attempt to classify the data from a large 
group of clinical cases, on the basis of relatively “‘early’’ or ‘‘late’’ blur 
points or “blur out’’ points, met with no success as there was evidently 
no positive correlation whatever between refractive errors, ciliary hyper- 
tonus or age, and the blur point determinations. Any classification based 
upon either of these factors simply led up to an infinite number of minor 
classifications, thus making the whole matter unsuitable for any specific 


diagnostic purpose. 
—C. C. K. 


INSPECTION OF SCHOOL CHILDREN. Juanita McF. Jennings. 
The Kentucky Optometrist. Vol. 9, No. 12, pp. 5-6. 1936. 


Jennings gives a brief history of the development of health activi- 
ties in the schools of this country and then reviews the matter as it 
relates to the rural schools of the State of Kentucky. According to 
Jennings the routine of an inspection in a rural school, as carried out 
by the health department as follows: Prior to the inspection, the nurse 
sends or takes to the school blank inspection cards and requests the 
teacher to fill out a card for each pupil, giving the name, age and sex 
of the child and the parents’ name and address. Two additional cards, 
requesting immunization against smallpox and diphtheria, are given 
the child for its parents’ signature in each case where such immunization 
has not already been done. 


Whenever possible, a date for inspection is arranged with the teach- 
er, thus avoiding a surprise visit and the consequent disruption of a 
school schedule. Parents are notified of the date of inspection and urged 
to be present. Upon the arrival of members of the health department, 
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the children are given their inspection cards and instructed to keep them 
until the inspections are completed. 


Arrangement is made for the teacher, with the assistance of older 
or high school pupils, to weigh and measure the children and compute 
weights. The children then form a line and approach the health officer, 
or examining physician, who makes a routine physical inspection. This 
consists of noting the condition of skin, scalp, eyes, teeth, throat, glands, 
and orthopedic defects. The heart is usually examined. If the child pre- 
sents a card signed by the family physician and parent requesting 
immunization, he is vaccinated and, if under 10 years of age, given 
diphtheria protection. The nurse makes a Snelling test for vision, either 
prior to or following the inspection. A volunteer clerk, usually an older 
pupil or teacher, takes the doctor’s dictation and notes all findings on 
the inspection cards. Following this school inspection, notification slips 
are filled in for children to take home to their parents. 


—C. C. K. 


ANISEIKONIA — A FACTOR IN THE FUNCTIONING OF 
VISION. Adelbert Ames, Jr., American Journal of Ophthal- 
mology. Vol. 18, No. 11, pp. 1014-1019. 1935. 


Ames finds that while aniseikonia may and does affect our sense 
of perspective, another factor affecting stereoscopic vision may still be 
a factor in upsetting normal visual perceptions. In attempting to study 
this latter phase, the author developed an instrument known as a tilting 
field, which he describes, and then reviews the extent to which total 
visual judgment is affected by a false or imperfect stereoscopic sense. 
This is a preliminary report of some of the new work being attempted 
in the Department of Research in Physiological Optics of the Medical 
School at Dartmouth. 

—C. C. K. 


VISUAL ACUITY TESTS. W. Ralph Coates. The South African 
Optometrist. Vol. 3, No. 1, p. 5, 1936. 


Coates reviews fourteen different methods of taking visual acuity 
and comes to. the conclusion that the Snellen chart of test types is the 
most satisfactory of all tests. His work in this field leads him to believe 
that the Snellen chart gives the most constant results between extremely 


wide limits of intelligence and education. 


—C. C. K. 
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